A strain of Proteus vulgaris isolated from the urinary tract of a patient with postoperative pyelonephritis and resistant to sulfonamide, streptomycin, tetracycline, and kanamycin (KM) was found to transfer only KM resistance by cell-tocell conjugation. The genetic determinant controlling the transferable KM resistance was considered to be an R factor and was designated R (KM). Successive transfer of KM resistance was demonstrated also from Escherichia coli 20S0, which received the R (KM) factor, to other substrains of E. coil K-12 or Salmonella typhimurium LT-2. The transfer of the R (KM) factor was strongly affected by the temperature at which the mating culture was kept. The transfer frequency of R (KM) at 25 C was about 105 times higher than at 37 C. The R (KM) factor was spontaneously eliminated from the host bacterial cells when P. vulgaris was cultured at 42 C, but no elimination occurred at 25 C. This elimination of the R (KM) factor at elevated temperature was also observed when the R (KM) factor infected E. coli and S. typhimurium. On the other hand, a normal R factor could not be eliminated from the same E. coli host strain by cultivation at the higher temperature. We consider the thermosensitive transfer and the spontaneous elimination of the R (KM) factor at higher temperature to depend upon thermosensitive replication of the R (KM) factor.
A strain of Proteus vulgaris isolated from the urinary tract of a patient with postoperative pyelonephritis and resistant to sulfonamide, streptomycin, tetracycline, and kanamycin (KM) was found to transfer only KM resistance by cell-tocell conjugation. The genetic determinant controlling the transferable KM resistance was considered to be an R factor and was designated R (KM). Successive transfer of KM resistance was demonstrated also from Escherichia coli 20S0, which received the R (KM) factor, to other substrains of E. coil K-12 or Salmonella typhimurium LT-2. The transfer of the R (KM) factor was strongly affected by the temperature at which the mating culture was kept. The transfer frequency of R (KM) at 25 C was about 105 times higher than at 37 C. The R (KM) factor was spontaneously eliminated from the host bacterial cells when P. vulgaris was cultured at 42 C, but no elimination occurred at 25 C. This elimination of the R (KM) factor at elevated temperature was also observed when the R (KM) factor infected E. coli and S. typhimurium. On the other hand, a normal R factor could not be eliminated from the same E. coli host strain by cultivation at the higher temperature. We consider the thermosensitive transfer and the spontaneous elimination of the R (KM) factor at higher temperature to depend upon thermosensitive replication of the R (KM) factor.
Akiba et al. (1) first reported the transfer of drug resistance from multiply drug-resistant Escherichia coli to drug-sensitive Shigella and other enteric bacilli. Only a few cases have been reported of R factors which carry the kanamycin (KM) resistance marker (4, 5) . The present report deals with an R factor in a strain of Proteus vulgaris isolated from the urine of a patient with postoperative pyelonephritis. This R factor was found to have only the KM resistance marker, and its thermosensitivity became apparent in transfer experiments. To clarify the mechanism of this thermosensitivity, the R (KM) factor was transferred under various conditions, and strains carrying the R (KM) factor were grown at various temperatures to study its spontaneous elimination. When KM resistance was to be transferred by conjugation from P. vulgaris UR-75 to sucrose-nonfermenting E. coli 20S0, 0.1 ml of the mixed culture of the donor and recipient cells was plated on MacConkey agar containing 17% sucrose, azide (200 jg/ml), and KM (25 Mg/ml). The recipient cells which received the KM resistance factor formed white large colonies on the selective medium, whereas neither the donor nor the recipient cells grew on it. When KM resistance was to be transferred from E. coli 20S0 (R: KM) to E. coli W3630, 0.1 ml of the mixed culture was plated on EMS agar containing 1% lactose and KM (25 jug/ml). Cells of E. coli W3630 which received KM resistance formed large black colonies on the plate. In the conjugation system between E. coli W3630 and E. coli W3104, maltose was used as the sole carbon source in EMS agar. After plating of the mixed culture on the medium, donor cells of W3630 (R: KM) occasionally formed small satellite colonies around the large black colonies of W3104 which had received KM resistance. These satellite colonies were easily identified and were excluded on scoring. Incubation periods for the platings of the cultures were 48 hr for EMS agar and 24 hr for the other media. On the transfer of the R (KM) factor from E. coli W3630 (R: KM) to S. typhimurium LT-2, Simmons citrate agar containing KM (25 jug/ml) was used as a selective medium.
Methods for elimination of the R (KM) factor. Host bacterial cells carrying the R (KM) factor were incubated at 25 C for 18 hr without shaking, and each culture was diluted with fresh broth to a final concentration of 500 to 1,000 bacterial cells per ml. Thereafter, these suspensions were incubated at 25, 37, or 42 C for 24 hr without shaking (subculture), and were then spread on drug-free MacConkey agar plates. The temperature of the plated culture throughout was in accordance with that of the subculture. From each of these plates, 100 colonies were selected at random for preparation of a master plate. The master plates were replica-plated (7) onto MacConkey agar plates with or without KM. In an experiment in which the elimination of the Rloo factor was tested, SM, CM, or TC was used instead of KM. The number of colonies which did not develop on plates containing KM, SM, CM, or TC (25 ug/iml) was compared with 100 colonies on plates not containing any drug, to determine the elimination frequency of the R factor. In later experiments, elimination frequencies of the R (KM) factor were studied under shaking conditions at 25 and 42 C. In addition, the temperature of the standing subculture was raised to 43.5 C in an attempt to obtain increased elimination frequencies.
RESULTS
Transfer of KM resistance at various temperatures. The transfer frequency of KM resistance from P. vulgaris UR-75 to E. coli 20S0 at 25 C was 3.6 X 10-2/donor cell, whereas the frequency at 37 C was 1.3 X 10-7/donor cell. Thus, the transfer of the R (KM) factor in the mixed culture at 25 C occurred about 105 times that at 37 C. The 109 E. coli 20S0 colonies which developed on the selective plate were tested for their resistance levels to KM by the replica-plating method after they were reisolated on MacConkey agar plates without the drug. MacConkey agar plates containing various amounts of KM (0.39 to 400,4g/ml) were employed as the replica plates.
All of the tested colonies grew well on the plates containg up to 200,4g of KM per ml. This indicated that clones of E. coli receiving the KM resistance marker had the same level of KM resistance as that of the donor cell. The original recipient cells were sensitive to less than 3.12 Ag of KM per ml. The 109 colonies were also plated on plates containing TC (25 MAg/ml); none grew on these plates, indicating that the R factor did not contain the TC resistance marker which was previously present along with KM marker in the UR-75 strain. Since the 20S0 strain was originally resistant to SA and SM, the transfer of these resistance markers was examined by plating W3630, which received the R (KM) factor from 20S0 (R: KM), on plates containing either SA or SM. No colonies appeared on these plates. The results indicate that the resistance factor transferred from P. vulgaris UR-75 to E. coli 20S0 contained the KM resistance marker and not the SA, SM, or TC markers.
From 20S0 (R: KM) to W3630, the transfer frequency of the R (KM) at 25 C was 3.4 X 10</ donor cell; at 37 C, it was 2.3 X 10-4/donor cell. Thus, thermosensitive behavior was again demonstrated in the transfer of R (KM) from E. coli 20S0 (R: KM) to E. coli W3630, and also from W3630 (R: KM) to W3104. were cultured in broth at 25, 37, or 42 C for 24 hr and tested for the elimination frequency of the R factors. W3630 (R: KM) did not lose the R (KM) factor when cultured at 25 and 37 C. At 42 C, however, 7 of 100 colonies lost the R (KM) factor within 24 hr. After the second subculture, 45% of the colonies lost this factor; after five subcultures, all of the colonies lost the R (KM)
factor. By contrast, W3630 (Rloo) never lost the Rioo factor under the same experimental conditions, even after five subcultures at 42 C. Elimination frequency of the R (KM) factor from S. typhimurium. Subculture of S. typhiurium LT-2 (R: KM) was performed either at 25 or 42 C. None of colonies lost the R (KM) factor at 25 C. At 42 C, 6% of the colonies lost the factor within 24 hr; after two subcultures, 87% of the colonies lost the factor.
Kinetic study of the elimination frequency of the R (KM) factor from S. typhimurium. After 18 hr of preculture at 25 C, LT-2 (R: KM) was diluted and grown with shaking at either 25 or 42 C. A sample was withdrawn at various times and spread on MacConkey agar plates without the drug, to determine the growth differences of the cells and to prepare the master plate for scoring of R (KM) elimination. At 42 C, LT-2 (R: KM) multiplied from 1.1 X 103/ml to 2.2 X 106/ml during 7 hr, and 92% of the cells lost the R (KM) factor within the same period (Fig. 1) . On the other hand, at 25 C, there was virtually no loss of the R (KM) factor from LT-2 (R: KM), although the cells multiplied in the logarithmic phase for 3 to 7 hr after the period of incubation (Fig. 2) . sistance determinants have been observed in E. coli (5) and S. sonnei (4) . So far as is known, however, the present study represents the only reported instance of an R factor carrying only the KM resistance marker.
The thermosensitivity of the R (KM) factor was indicated initially by its increased transfer frequencies at 25 C, as opposed to 37 C, and was confirmed by its elimination from infected cells of P. vulgaris UR-75 (R: KM), E. coli W3630 (R: KM), and S. typhimurium LT-2 (R: KM) at elevated temperatures. Under the same experimental conditions, elimination of a normal R factor (Rloo) from W3630 was not observed.
Thus, it is apparent that the elimination of R (KM) from its host cells at 42 C is a consequence of thermosensitive replication of the R (KM) factor itself, and is not a property of the host.
The R (KM) factor represents a naturally isolated thermosensitive extrachromosomal element. A thermosensitive F factor (3) and a thermosensitive T4D phage (2) have been obtained previously in laboratory experiments.
